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Question 1 (15 Marks) 
(a) 
A 30 cm diameter circular plate is placed over a fixed bottom plate with a 0.25 cm gap between 
the two plates filled with glycerine as shown in Figure 1. Determine the torque required to rotate 
the circular plate slowly at 2 rpm. Assume that the velocity distribution in the gap is linear and 




Two vertical, parallel, clean glass plates are spaced a distance 2 mm apart. If the plates are 
placed in water, how high will the water rise between the plates due to capillary action?  
 
Question 2 (20 Marks) 
Two square gates close two openings in a conduit connected to an open tank of water as 
shown in Figure 2. When the water depth, h, reaches 5 m it is desired that both gates open at 
the same time. Determine the weight of the homogenous horizontal gate and the horizontal 
force, R, acting on the vertical gate that is required to keep the gates closed until this depth is 
reached. The weight of the vertical gate is negligible, and both gates are hinged at one end as 
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Question 3 (20 Marks) 
When a hydrometer shown in Figure 3 which has a stem diameter of 0.8 cm is placed in water, 
the stem protrudes 8 cm above the water surface. If the water is replaced with a liquid having a 
specific gravity of 1.10, how much of the stem would protrude above the liquid surface? The 




Question 4 (15 Marks) 
 
Air is drawn into a wind tunnel used for testing automobiles as shown in Figure 4. 
a. Determine the manometer reading, h, when the velocity in the test section is 97 k/h. 
Note that there is a 2.5 cm column of oil on the water in the manometer. 
b. Determine the difference between the stagnation pressure on the front of the 
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Question 5 (15 Marks) 
A geothermal power plant uses geothermal water extracted at 160 C at a rate of 440 kg/s as 
the heat source and produces 22 MW of net power. If the environment temperature is 25 C, 
determine: 
a. The actual thermal efficiency 
b. The maximum possible thermal efficiency 
c. The actual rate of heat rejection from this power plant. 
 
Question 6 (15 Marks) 
An ideal Otto cycle has a compression ratio of 8. At the beginning of the compression process, 
air is at 95 kPa and 27 C, and 750 kJ/kg of heat is transferred to the air during the constant 
volume heat addition process. Taking into account the variation of specific heat with 
temperature, determine: 
a. The pressure and temperature at the end of the heat addition process 
b. The net work output 
c. The thermal efficiency, and 
d. The mean effective pressure of the cycle. 
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